Aquarboreal ancestors? 

Paleoanthropology, for his analysis of the hominoid evolution, provides the 

necessary framework to detect how our animal nature has became a "hominity". 




©Viktor Deak and PierreFrancois Puech, with the authorization of Viktor Deak and Ian Tattersall (Last Huraan2007 ). 

Australopithecus afarensis, reconstructed from the fossil bones, is observing 
an intruder while taking a bath. 
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Aquatic life has been deduced from the observation of mammals wading in 
search of aquatic plants and by analysis of diet in comparing aspects of 
microscopic wear on teeth 
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According to biomoleculardata, the great apes split into 
Asian pongids (orang-ulan) and African hominids (gorillas, 
chimpanzees and humans) 18-12 million years ago (Mya) 
and hominids split into gorillas and humans-chimpanzees 
10-6 Mya. Fossils uvilh pongid features appear in Eurasia 
after c. 15 Mya, and fossils with hominid fossils appear in 
Africa after c.10 Mya. Instead of the rmdiiinn.il savannah- 
dwelling hypothesis, we argue that a combination ol fossil 
(including the newly discovered Orrorin, Ardiplthecus and 
Kenyanthropus hominids) and comparative data now 
provides evidence showing that: (1) the earliest hominids 
waded and climbed in swampy or coastal forests in 
Africa-Arabia and fed partly en hard-shelled fruits and 
molluscs; (2) their australopith descendants in Africa had 
a comparable locomotion but generally preferred a diel 
including wetland plants; and (3) the Homo descendants 
migrated to or remained near the Indian Ocean coasls, 
lost most climbing abilities, and exploited waterside 
resources. 

Human evolution is usually discussed within an 
environmental framework that includes forests and 
savannahs [1-3J. Unique human features, such as 
hipedalisin and fiirlrssTK'NS, arc llu'rclnm often fir^ncM In 
have evolved in forests, on the savannah, or within a 
transitional zone 11-3]. We argue that a third 
environmental factor, namely water, also played an 
important role in the evolution of the great apes and 
humans. Our 'CfHlipjiralivi'. approach', a method pinnrrrr'.d 
by I lardy |4| and Morgan [5). combines comparative data 
with fossil, geographical and blomolecular evidence. We 
argue tliat the ancestors of gorillas, chimpanzees and 
humans had an 'aquarboreal' lifestyle in which they 
climbed and waded in swampy or coastal forests, Gorilla 
and chimpanzee ancestors adapted to drier forests where 
(hey knuckle-walked jjtk! con I i nurd In (limit and wade 
where necessary, I Iuman ancestors, however, evolved 
fully upright and linear bipedalism, furlessness, a larger 
brain and voluntary breath control as adaptations for 
wading and diving In a coastal environment. Climbing 
;jbililies became, less import arii lis < nastal I'dresls 
dwindled and seafood became a more important dietary 
source. 

Here, hominid refers to gorillas Gorilla spp., 
chimpanzees Pan spp., humans Homo sapiens and their 
Aiisi UAi.ni'i rn-llko. (see Clnssnry) fossil relatives Pnngid 
refers to the orang-utan Pongo spp. and their fossil 
relatives. Eiomolecular evidence (DNA) suggests kjncilis 
arid hominids separated 18-12 imllioii years apo (Mya), 



gorillas and hi]mftns-rhimpnn7e.e,s separated 10- fl Myn, 
and chimpanzees and humans 8-4 Mya \&J\. 

It is generally assumed that gorilla and chimpanzee 
ancestors are poorly represented in the fossil record and 
that australopiths were ancestral only to humans. 
Kvldr.nrc for australnpiths being bipedal (fossilized 
footprints and skeletal remains) is used to support tills 
hypothesis because it is widely believed that bipedalism 
emerged only after the chimpanzee and human lineages 
had separated. Several authors ]8-12J, however, have 
flrf^llftfl independently rhat the. African apes mlghr have 
had australopith-like ancestors and that the common 
ancestors of humans, chimpanzees and gorillas might 
have been already partly bipedal. This has recently been 
supported by discoveries of early hominids that are 
argued to have had both bipedal and climbing 
adaptations [Orrorin tugenensis [13] Kenya c. 6 Mya and 
ArrHplthcrnr, rnmldtm |14J KtMopla c. 5 Mya). 

Were early hominids-pongids aquarboreal? 
Most primates are quadrupedal tree-dwellers with very 
flexible spines and limbs, which enable them to reach, 
climb or leap through trees and to stand or walk 
bipr.dally wlir.ii necessary. Human-like. 'I'lci I bipetlali.sin*, 
although less common than 'iJOPPirxc mPLDALlS.M'. is seen 
regularly in lowland gorillas drat seek sedges in forest 
swamps LIS], in proboscis monkeys tliat wade between 
mangrove trees L5J , and possibly in Orecpithecits batnbolii 
(Table 1), whose diet might have included wetland plants 
and whose anatomy 'provides evidence that bipedal 
activities made, up a significant pari nf die pnsilional 
behavior 116], We find nonwading explanations for 
human bipedalism ]l-3] [e.g. standing up to reach fruit 
in trees, aggressive posturing, looking over savannah 
grass and carrying tools, food or babies) unconvincing, 
because (he. sidvjinbiges appear in he only nra temporary 
nature, and because no other primates or savannah 
mammals have developed bipedalism for similar reasons. 

The features that typically distinguish apes from 
monkeys [i.e. large size, tail loss and arm hanging) could 
have, been adaptations for whnl we tail an 'atinarhnrcnr 
locomotion in an environment drat included both trees 
and water. A vertical posture and an ability to climb with 
the arms raised above the head could have helped a 
wading primate to enter or leave the water by grasping 
overhanging branches or waterside vegetation, and to 
grasp fruits above the water. Body enlargement and tail 
reriurrlon would hinder affile, arhorrnllsm, whereas a 
larger body is more easily supported in water and helps 
reduce heat loss (explaining why aquatic mammals are 
larger than related terrestrial forms). Tails would be of 
little use for a wading and'or swimming primate and 
would cause horh drag and hear loss. 

Early hominids could have waded bipedally in swamp 
forests using the trees for refuge, sleep, and fruit 
gathering, whilst also finding pari of their food in shallow 



water. Although most Miocene hominid-pongid (Box 1) 
and Plio-Pleis locene- hoiiiinid fossils (Table 2) have been 
discovered, in areas that were then forested and close to 
water, this In itself is not a strong argument for a wading 
lifestyle because most fossil ization occurs in water- 
deposited sediments. 

The geographical distribution of evtinct and extant 
hominids-porigids, combined "with the. comparative 
evidence outlined here, suggests a basic middle Miocene 
hominid-pongid population that was clustered in coastal 
or swamp forests somewhere between what arc now the 
Mediterranean and Arabian Seas. This cluster could have 
given rise to the DWYOFl' ill-like apes that have been 
discovered in southern Eurasia, and to the Mio- Pliocene 
australopith-like hominids found in Africa (Box 1). 

Were auslralapiths wetland waders? 
Our extensive survey of the literature [17] suggests that 
most hominids might have dwelt in wet' rather than 'dry' 
habitats, and this has been confirmed by recent 
discoveries [14,18,19]. Palaeo- ecological reconstructions 
are notoriously difficult and our view has been contested 
by supporters of traditional savannah interpretations [1- 
3,1 7.19J, yet it appears clear that all australopiths lived 
near treses, with early species generally living in wet and 
well-wooded environments, and later species living more 
often in more open wetlands (Table 2). Our interpretation 
is corroborated by: (1) comparisons of POSTCrAjnial 
skeleton: (2) tooth enamel microwcar; (3) 
strontium:calcium ratios; and (4) isotopic evidence. 

Postcraniai skeletal comparisons 

Fossilized footprints and skeletal remains suygest thai 
ausiralopiths had a mix of bipedal, tree-climbing and 
probably [20] knucklli-walkinc features. These would 
have been ideal for wetlands: bipedalism in waist-deep 
water, knuckle-walking in knee-deep 'water; and well- 
rtevp loped overhead arm mobility for grasping fruits and 
climbing in the waterside vegetation, as seen to varying 
degrees in modern pygmy chimpanzees and lowland 
gorillas in flooded rainforests or forest swamps [15|. 
Australopith short- legged bipedalism was different from 
human bipedalism [21J , probably including a somewhat 
forward-leaning trunk posture 122J . and would have been 
suitable for aquarborealism. The Australopithecus 
africanus StW-573 foot from Sterkfontein, South Africa, 
for instance, 'had both bipedal and climbing adaptations, 
This skeleton's foot morphology is consistent with the 
bipedal Laetoli footprints, which are not those of fully 
human feet, but which have very clear ape-like 
morphology' |23J. Tree-climbing features, (which are less 
obvious in the robust australopiths) include apelike 
upward-directed shoulder joints and curved finger and 
toe phalanges. 

Tooth microwcar 

Tooth microwear studies indicate That Australopithecus 
afarensis molar enamel had a glossy polished surface that 
Is typical of the molars of capybaras Hydrochoerus 
hydruchaei "is and mountain-beavers Aplodontia iu£n [24], 
Boih these seim-aquatic rodents feed mainly on riverside 
herbs, grasses and the bark of young trees. The 



microwear of Australopithecus boisei displays more pits, 
wide parallel siriations and deep -recessed occlusal 
dentine features than that of A, afarensis [25.26J, 
resembling the microwear of beavers Castor fiber, which 
feed on riverine herbs, roots of water-lilies, bark and 
woody plants. Apparently, an early australopith diet of 
fruits (larger- front teeth) and swamp herbs (polishing) 
was supplemented with wnody plants in the robust 
australopiths (more wear). Walker's suggestion that A. 
boisei were bulk-eaters of "small, hard fruits with casings, 
pulp, seeds and all' [27] could explain the dccp-rcccsscd 
dentine, but not the heavily polished enamel that is 
typical of marsh-plant feeders [24,25]. 

Strontiumrcaicium ratios and isotopic evidence 
The microwear data are consistent with those from two 
studies on South African australopiths [28,29] . Siller l 
provides three possibilities for low strontium: calcium 
ratios in Australopithecus robustus: partial carnivory; 
eating leaves and shoots of forbs and woody plants; and 
eating food derived from well-drained streamside soils 
[2H\. Sponheimer and 1 ee-Thorp state that A. nfrir.anus 
'ate not only fruits and leaves hut also large quantities of 
carbon- 13-enriched foods such as grasses and sedges or 
animals that ate these plants, or both' 1201. However. 
regular consumption of savannah grasses is incompatible 
with the polished, rounded microwear [24,29] and 
predominant meat eating is unlikely in view of the blunt 
molars |27|. More probable is a diet of sedges and other 
marsliiand plants supplemented with fruits and animals 
(e.g. tools attributed to A. rububius now suggest lerrriiie- 
eating [30 J). 

Independent lines of evidence thus suggest that 
different australopith species regularly waded for 
shallow-water plants, possibly like lowland gorillas do 
today 11 5], only much more frequently. Papyrus or reed 
sedges were ahundant in australopith environments 
(Table 2} and are part of the diet of extant hominids. 
Goriilas eat bamboo shoots and stalks, as well as swamp 
herbs and sedges (Tabic i); all hominids cat cane; 
bipcdally wading chimpanzees and humans collect water 
lilies; and rice growing in shallow water, and other 
cereals are staple foods for humans. 

Were Homo ancestors waterside omnivares? 

Late Plio- or early Pleistocene human ancestors could 
have migrated to or remained near the coast and 
exploited marine resources. Dolphins and seals have 
larger brains than do their terrestrial relatives of equal 
size [31J and human brains are three times those of 
chimpanzees. "The long-chain, polyunsaturated lipid 
ratios of shellfish and fish are more similar to the ratios 
in the human hrain than are any other known food source 
[32] . This highly nutritious diet is argued to have been 
important for building and fuelling large brains |32|. 

Eating hard-shelled foods, such as shellfish and nuts, 
generally requires thick enamel, which is typically seen 
in sea otters |27|, capuchin monkeys |33| and most living 
and fossil hominids-pongids (Box 1, Table 2). Walker 
wrote that if 'a mamnialogisi who knows nothing about 
hominids were asked which mammalian molars most 



resembled those of Australopithecus, the answer would 
probably bo orang-utan molars. If asked to look outside, 
the order Primates, the answer wnuld probably be rhf. 
molars of The son otter (F.nhydrrr hitrrf). This species 
pnssosses small anterior moth, and largo, flat molars 
with thick enamel' [27], A recent study [34] indicated that 
AtisfrnlnptfhpMii nr Homo /7V9/>//ismir.rnwear resembled 
that of chimpanzees [and orang-uran [35[), Homo f.rgrssr^r 
resemhled that of capuchin (more hard or hrittle Foods), 
and neither taxon specialized on raw meat [34,35]. Sea 
otters, capuchin and chimpanzees all open shells by 
hammering them with hard objects. Hie most dextrous 
mammals, besides humans, are raccoons, otters, capuchin 
and chimpanzees. Conceivably, human-chimpanzee 
ancestors used stones to remove and open coconuts 
growing on palm-trees, and oysters on mangrove roots 
(Fig. 1) in the same way that mangrove capuchin do [33] . 
If chimpanzee ancestors moved inland, stone use. might 
have hecome confined to nut cracking, hut, for coastal 
human anresmrs, srnne use would have hecome more 
Important, and the long association with coconuts and 
shellfish might explain the use of stone cools during the 
Stone-Age. 

Today, breath-hold diving is practised by human 
subsistence cultures that gather shellfish or seaweed. 
Diving mammals, such as cetaceans and pinnipeds, are 
able to take a deep breath whenever they intend to dive, 
and comparative data suggest that voluntary breath 
control in humans is much better developed than in 
monkeys, apes, dogs and pigs [5,36,37]. Many tree- (e.g. 
gibbons) and water-dwellers (e.g. otters, dolphins and 
humpback whales) have well-developed sound-producing 
capabilities [36] . Vocal communication might have been 
important during wading activities, when smell and body 
language would have been less effective [5J. Along with 
voluntary breath control and a large brain, this could 
have contributed to the evolution of human speech [5J. 

Anatomically (Homo rudolfensis) and archaeologically 
(oldowan tools), the genus Homo appears in East Africa 
c. 2.5 Mya, at about the beginning of the Pleistocene, 
when increased glaciation was locking large amounts of 
water in ice-caps and causing sea levels to drop. If the 
coastal lagoons produced more food for a tool-using 
omnivore than did the decreasing forests, it could explain 
why Homo reduced its climbing abilities, evolved diving 
abilities and dispersed along the Indian Ocean. If Homo 
lived in such environments during glaciations, their 
remains would have been deposited at Pleistocene 
beaches, which, in most cases, are now some hundred 
metres below sea level. 

Archaic Homo fossils, footprints and tools have been 
discovered near coasts all over the Old World |17|, from 
Boxgrove (UK) and Hopefield (South Africa), to Mojokerto 
(Indonesia). The. Mojokerco fossil, found amid barnacles, 
corals and molluscs [38] in a river delta prohahly r. 1 .8 
Mya, might be among the oldest H. ervctuss fossils ever 
discovered. Archaeological evidence suggests that Homo 
ercctus crossed a 19-km-widc strait to reach the. 
Indonesian island of Flores more than 0.8 Mya, well 
before any evidence of boat-building [3]. Stone tools found 



in 0.12 My -old Eritrean reefs [39] support the idea that 
Homo spp. have a long history of coastal resource 
exploitation. 

Arguably, modern humans evolved from hp.achcnmbe.rs 
who gradually became, more, suited tn wading and diving 
(Fig. 1), developing more linear horiies, lnnger legs, larger 
brains and tool-using skills. This coastal phase could help 
explain furlessness, subcutaneous fat and voluntary 
breath-control - features that are unique among primates 
but common to walruses, seacows, babirusas, hippos, 
whales and dolphins [4,5]. It could also help explain why 
humans are more efficient swimmers and divers than 
other primates [4.5,37,40]. 

We propose that several Homo populations, including 
Homo sapiens, returned to a more terrestrial existence, 
colonized coastal areas and river valleys in Africa and 
Eurasia, exploited waterside plants and animals, 
including waterfowl, turtles, stranded whales, antelope 
and hippo, but were unahle to adopt a more chimpanzee- 
like, form of quadnipedalism because, whereas knuckle- 
walking gorillas and chimpanzees evolved directly from 
short-legged wader-climbers, Homo already had long legs 
and a more linear build. Terrestrial bipedalism is slower 
than quadrupedalism and leads to backaches, hip and 
knee problems but also 'frees' the hands for 
communication and the manipulation and transport of 
food, water, weapons, tools and babies. 

Hypothesis and further research 

The combination of comparative, dental, skeletal, fossil, 
biomolccular and geographical evidence suggests that 
hoinimd ance-sLors climbed arid waded bipedally in 
swampy ur mangrove forests and supplemented their 
mainly herbi-frugivurous diet Willi shellfish. The 
ausiralopifhs arid ancestors of gorillas and chimpanzees 
might have lived near swampy forests and preserved 
their climbing abilities, whereas hominld populations 
that remained near or returned to the coast could have 
given rise to the various Homospp.: big-brained, long- 
legged waders and divers who were able to take full 
advantage of the resources associated with coastal 
environments. They dispersed along the Indian Ocean 
and followed rivers inland. This scenario helps to explain 
the long legs of humans, as well as furlessness, 
subcutaneous fat, infant tolerance to immersion. 
voluntary hreath control, big brains and the. development 
of language and technology. 

Traditional palneo-anthropolngy relies to a large, 
extent on savnnnah-hnsed interpretations of the hominiri 
fossil record [1-3J; nonsavannah-based explanations are 
rarely considered and Lhe fragmented nature of the fussil 
record means that much conjecture is needed in trying to 
build coherent models. A mure realistic approach is to 
incorporate comparative data and accept the possible role 
uf iionsavaimali environments in Lhe evolution of 
hominids. We expect that extensive, detailed and 
consistent comparisons with other mammals wilL provide 
unexpected insights into hominid evolution, 
Acknowledgements 

Wc thank E. Mo-gar. J. Langdon M. Pickford. R. Crinion. M.WIIfeirs. D. El is. 
c. stringor, L. rock. k.3. Hunt C.E. cxn£ra, C.L. Brace-, D. Lo'dKlpanldze, H, 
Nakaya, MA Crawler:!. N. McPtmil.-. IhurLoi, H. Hamoi A. Kulukas, C. 



Frrocl. F CjILuuiiilv M. Varic-uchuullu, G. Haroibui y, R. Bundur. K 
Upolaan J, Joordons tholeic R, A'oeco~ end fair anonymous referees for 
corcc "Jens nnd dscussions. Thc:crm 'aqunrborca ' was coned by VI. 
wiiiflm?. 

References 

1 Lunydmi, J .11. {1997J Umbrella hypotheses and parsimony in 

human evolution: a critique of the aquatic ape theory. J. /A;,]:. 
Lvol. 33, 17S-1EM 

2 Hunt, K.D. (1901) The evolution of human blpenallty: ecology 
and functional morphology. ./, fium. Lvol. 26. 183- £03 

3 Lobids, F.V. (199$ VvuLui and Lluii:uii l^vuhiiiun. QulTIkivSS, 
38 41, hnpy/archive.outt here. cD.za/SS/dGcSS/dispLdec. html 

■1 Hardy. A.C. (1 9 CO) Was man more aquatic in the past? iVl-h- 
&/.7.M2-MB 

5 Morgan. li. (1D07J 'il?K Aquzric Ape f iypothcsn — "lhz Most 
Citxliljlu 'iliLtuy Ofl tuttuiii L volution, Suuvenir 

6 lakahata. N. and Satta. V. (1997) involution of the primate 
Mnrngr Irnriingtn mnrlrrn humans: phylnrjenntir anri 
demographic Inferences from UNA sequences. Proc. t\zil. Acad, 
Set. U.S. A. LM.-lbl 1-1815 

7 Ciiyiicuji. F. cL al. [1999J MiLuLhiniLuiul sequuucuh show divcrsu 
evolutionary histories of African hnminolds. Pros. NaiL Acad. 
Sci LLS. A. \&. 5017-5002 

8 Klcindicnst, M.K, ''19751 On new perspectives on ape and 
hnnirtn rvralutlnn. C:<n\ Ar.rhmpm. 1H, BI-1-fMK 

9 Goodman M. (US82) Blomolccular evidence on human origins 
from the standpoint of Darwinian theory. Hum. Biol. 5-1, 2 -17— 2G-1 

10 (Jrlbbln, J. andChcrfas, J. (1HS3) 'Jfrp Monkey 
Puzzle. Triad 

1 I ln*r-gawa. M. r.t at. (1HHJ0 Dating nFrhr. humnn-nnr 

splitting by a molecular clock mitochondrial DNA. ./, A-Jol Lvol. 
2. 160-171 

.2 LidelSteln. ii.J. (1987) An alternative paradigm tor 

hominoid evolution. Hum. Lvol. 2. 169 171 

3 Smut H. er.tf. (21)111 j First hnminid from rhr 

Miocene (Lukelno Formation, Kenya). Cornpui. Ren. Aezd. Scl. 
Paris Scr. iAn 332. JJ7-L-H 

1-1 WnldcCabrfcl, 0, a al. (2001) Ceolofiy anc. 

palaeontology of the Late Miocene Middle Awash Valley. Afar 
rift, I ■thinpin. Notour. 4 ' V., l/h-lYH 

15 Dot an, D.M. jiil Mcrveiiayu, A. (199?; Guiillii 
ecology and "behavior. Lvol. Anthropul. 6, 120-131) 

16 Rook, L. rr*ii. (1999) Urcopithccus was a bipedal ape 
after all. Froc. Natl. Acad. Sci. U. S. A. 9-1, 11717 11750 

17 Vcrhacflpn, M. and Fucch, F-K (2LJ00J llaminid 
lifestyle and diet reconsidered: paleo-envLronmcmal and 
enmppirvitivr datn. Ifnm. f.vnf. 1\ lM-lriV, 

hUp:/Vallserv.ruy.ac.be. J ~inva[iLieeh/FiL J V^j liaeyen_llLiiiiiin_livi)luL 
ion .html 

.a Flckford, M. andScnut, li. (2001) the geological and 

faunal context of Late Miocene homlnld remains from Lukelno, 
Kr.nvFi. fhtiipttt. lien. A "Jul. Sr;. i'nri'.Srs. tlfitiSA, Mh-lW 

19 Lnakcy. M.C. ul A. (2001) New honiiniii yenus froiu 
eastern Africa shmrs diverse n".icdlc Flinccnc lineages. Nature 
<lli) I 433-4'U> 

20 Richmond. B.C. and Strait, D.S. IZTJOO) Cvldcncc 
that humane nvnlvrn fmm a lin.jr.kie-walkinj nnrrstor. Nnmr: 
401,382-385 



i. Macchiarclli, K. stal. il'JW) Hip bone trabecular 

aichiLeLLjru shuws uniquely disliiiLlivu lomiuoLoi behaviour in 
South African ausTralnpithecincs. J. Hum. Lvr.l. 36, Zll 232 
?.'/ I I'.inr. J. 1 1. [1 HHH) A pnsturnl mndnl tn ^uplain 

reduced hip extension In Uadar homlnlc. AL2SS-L. Am. ./. Fhys. 
Antfrvopol. Abstracts Suppt. 2S. 157 

23 Claike ; K.J. pOOOl WtiaL llm SlW-573 
Aufitjralzpjihcctis skeleton reveals about early hon:inld 
bipnralism. Am. J. i'hys. Aizthmpnt. AhiTran.'i ^r/npf. '/9, 17K 

24 Fucch, F-F. ei*ii, (1986! Denial mlcrowcar fcaiurcs 
as an indicator for plant fon£ in early hominids: a prclin"ii.nar> r 
study of cnaiT.cl. 1 fum. Lvol. 1 , 507-5 '. 5 

25 Fucch, F K (1992.) Micro v/ear studies nf early 
Afrirnn hominir rrrth. ficannfng Kitcmsr. B, llJHii-lOSH 

26 Fucch, F-F. KSl. (1983) 'Looth tlllcmwcar and 
dictarv pattern in early hominids from Lartoli r 1 lacar and 
LJldjval. J. Jhtr.:. Lvol. 12, 7^1-729 

27 Walker, .*V. [1SBD Diet and teeth dietary 
hyporhnsf^s anr human evolution, .".hrh.s. 'fmn*. !■?. ."^rir. ! ,r>nrfnn 
11292, 57-64 

'£& Sillcn, A. (1992) Strontium-calcium ratios (SnCaj of 

AitsuralupjiiiccuM whtiszus and associated fauna frnm 
Swartkrans. ./. Hum, Lvol 23. 105-516 

29- Spnnheimc-r, M. anclLcc-'lhorp, J. A. (19Sy) l^otopic 

evidence for the diet of an early hon-.inic, Austrnlcpithccus 
nfrirnruts. Sr.nrnfi<y.WA, 36H-:i7l) 

30 Back well. L.R, and U'Lliiljo, F. (2001) Lvidence of 
termite foraging by Swartttrans early hominids. Froc. Nu:l Acad. 
Sci. V. S, A $&, 1358,-13(^1 

31 Armstrong, IL. U^i'ii KclatJvc brain size and 
metahinlKm in mamnwK. Srirnrr'i'?\), 1HI)>!-1HI1'1 

32 Bioadhui^L, C.L. til id. (1998) RifL Valley fish mid 
shtilflsh provided brain -specific nutrition for early limim. lir. J. 
rJticr. 79, 3-21 

3^ Fernandes, M.JJ.B. (199L) Lool use and p nidation of 

oysters hy thr tufted rapuchin in hrarkish wafrr mangrnvr 
UfrUJUp. ft-iiMtiJIU-32, 529-531 

34 L'ngar, F.S. cczil. (201H] A prcmilinary study of 
molar mi crenvcar of early flonan from Last and i^outh Africa. Am. 
J. Phys, Ar.zhropoL Abstracts Suppl. 30, 153 

35 I'urrh, I'-F. (HMJ Aririir-fnnr. rhnirn in Ifomn 
luibiiis at Olduvai. C',ui; Ariiluvpul. 2j : 349-350 

36 Deacon. TA-V. [19975 '1 he Symbolic Species. Norton 

37 Schagatay.L, I199GJ 'ilr: Iluoi-an Diving Response - 
L fleets of Temperature and i raxrung. University of Lund 

38 Von Kor-niRswald, G.ll.tt. (1958) Bcffcnungcn mit 
don Varmuisctic/i, Diedcrlchs 

39 Walter. K.C. crai (20DDJ Liarly human occupation of 
Llm Red Slj LDLtst of LriLreaduiiu^ Lite lasL iuLectJuLial. Nluliic 
105.65 6^ 

•10 Bender. R. [1999) Die evolutinasbMogischi: 

Crup,dlz\gc dan iiicnuzhiicftcn Sehwimmcns. ihuchens and 

Widens, Univcrsitj* of Bern 

11 SaiiLleiMin l.'l". (1955) Living Mmuiuxk, iff Lite 

World. Doubleday 

\7 Ishii-fl, II. and I'tafcfnrr;, M. (I99H; ft n,-w I .nrr 

Miocene homlnold from Kenya: SsnihurupUhfLcus kipzslsxu gen 

ct sp. nov. Cosyxtt. Ren. Acad. Sci. Paris Scr. lis 325. S23-B29 



Glossary 

Australopith: 'lio-FL 1 s-uccne lu" inid rosals Patn AfriuH, iucli ai AuszralcpiiiiQcus an J Arctipkhocus 

Dryopith: Miocene ncminici pongciToEsiiDfro' 1 ' Eurssia, 

Hominids; Afrccnnpci tccmrnon chimuanzoos. pygmy chi^panzic-send QCsft IQ3) and human: and diirfojii rclatvca (a: opposed to ponepds* 

Mopping hipprlallsm: with hips nnn knr^n;: tlmersl whon nr rrar. r.g. TfirRrrs.. m.-lrp.. |r>rhnps Fnr\ ^:^n^|?l^.^^ I s 

Knuckle-ivalking: walking ^n the donal side of the middle chaterieps cf thc-fircjtrs (^crjllasancl chimpanzc-M). 

Olclowan: ea lie-it stone ~.oo\ inclustrics, jsuaily attributed to early Hlnikj. 

PongidBioiang-uLHii arid LhLU fu^i rulaLvci (atoppoLtjU LuhDrniriidi). 

Posters nia: J-jdy pails, tuy. Tl'SsjI u Dries, which do riu-L bcjbny lc Iho skull ci (.IctiJ .ion 

Box 1, Fossil hominids- pongids 

Extant hominoids comprise HVLOaAiiut isoGGIossaryland hominids pongids. Hylobatidsand pongids live in Asia, whereas hc-mirsids 
probably stem from Africa. Bfttwfifin 13 and 7 million yr-ars ago (Mya), most hominirt-pongid fossils {fixnnpr, ft.g. Samhijnipiihp.cu<;) oame 
from Europe, Anatolia and India. Although the comrrion hominid-pongid ancestors mighl have lived near the Middle East [a], the 



possibility remains that the ancestral line leading to the horn in ids was always present on the Afro- Arabian continent [b] [the Arabian 
peninsula was then part of Africa}. 

The taxonomy nf the fossil great apes remains very r*>ntentirtus anri researchers often have nonflirting opinions. Figure I illustrates the 
temporal and geographical diversity of the Mioc-ene great apes, and provides a rough Temporal and g eographina I framework for thfi reader. 
Wo have tried to group the fossils according to geographical location and morphological similarities but want to stress Thai The enact 
relationships remain uncertain, Schematically, wo discern Three groups [Fig. I), 

LufengpithecusM&m Pongo 
SwaptthecmMu -Ptengi&t Giganioptthecus 

&M$&(3riphQpith&cm AnketmpiftWGys 

MmopfAmtriacopitiwcusGrmocpithBoits 
Or/cpiii?»5 Bfyopfth&cus -Bumps 

? Qi&opfihecuS ftfy 
H&ifopfthmus N: 

.^mm^.A^ipftbecuS: Gorilla 

^^* 7 ; HMyaQiwtin ftflrji»: Pan 

KenyanlhmptJs 
Proconsul &&jfy h&&i\&tiitf& ■ Homo yVcrtdiwc&ft' 

■ hirk^Afropfihecus ' davipfthecm hm$m- 
'.%%x\y& - Eyuatoaus 

m 1«; n-- ■§•■ nmw 

TF?!:N0S i/i ficotogy <S Evolution 

Early and Middle Miocene great apes in Africa- Arabia 

Proconsul, Afropithecus{Morotopithecus), EQuatorius [Kenyapithecus] and Qtaviptthecus might have been stem hominoids, rather than 
hominid-pongids. The 17-Mya-old 'Saudi ape' Hetiopfthecus leak&yi, discovered near 'the tropical shores of the TeThvs e pi-continental sea' 
\c\, is possibly the earliest known dryo-pith and hominid-po-ngid [c,dl (although a newly discovered thick-enameled hominoid from southern 
Germany is said to be older [el]. 

Middle and Late Miocene heminids-pongids in Eurasia 

The thick-enameled dryopilh Autfriacaprf-hfiCas weinftfrteri [Slovakia- Auslria, a 14 Mya. possibly belonging to Griphopithecu$[<?, I \\) was 
n Iso found in marine nearshore sands [f,g]. Dryapitheajs spp. |f,g] (Europe, 13-D Mya I and f?r^rtp/rrtf?^ii.Yipossihly not a hominid-pongid, 
see Table 1| r both with thinner molar enamel and arm-hanging adaptations; dwelt in swampy forests, GraeccpithecusiOuranopithecus) and 
4/Jto/^/f/wtft/saresuporthick enameled latcdryopithsfrom more open environments. Sivapithccu${Ramapiihocus\ r Lufcngpithccusanti 
Gtgantopithccus arc thick enameled Asian pong ids. If all Eurasian hominid pongid fossils arc pong id, as argued by Pickford [b] r thc last 
marine transgression that isolated Eurasia from Africa c, 16 Mya [e r f| could have separated pong ids (north of Tethysj and hominids (south 
of Tethysl. 

Late Miocene and PI io- Pleistocene hominids in Africa 

Samburtrpi'thecits, of gorilla size and outlook, but with thicker molar enamel., might be the earliest known hominid [b]. Orrorin is believed to 
have had both hipedal and climbing features and might have belonged to the Homo-Pan branch of hominids [h]. Arrfipithacux \s a thinner- 
enameled forest-dwelling early hominid with bipedal as well as climbing features [i]. In our opinion, Au.tfralopither.unXs, a paraphyletic 
taxon that possibly comprises members of the Gorilla, Pan and/or Homo branches of hominids |j], Kenya nth ropus might belong to the 
Homo branch of hominids |k]. 
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Fig. 1. firoat a.-.n and hunan nvnliitirai Hyprrfhnt ciH reconstruct on rr'rhn nnrm-ral rlirr . 
geographical distributee of living hon n d-pongid species, foeeii honinids {Ssmburupftttst 
not included hero because- ".heir caoct alacc i] uncertain 



1 lornnrrhin .-.a.Yirl nn nompflratiur: anatomy, hwa and 

. Orror'm. Ardipithacus. AustralopiihacusciUti Kanvsnthicpus) arc 



African inland, secondary forest knuckle-walk. 
fruits, aquaticand terrestrial herbs 



Hominids 

coastal forests Africa? 

wade and climb, aquarboreal 



Hominids-pongids 

coastal forests Arabia? 
fruits and nuts, arm-hanging 



^ African inland, knuckle-walk 

^ fruits, unimanual arm-hanging 

Indian Ocean coastal forests? 

omnivory, including coconuts and shellfish 

fool use, less climbing 



wade and dive, bipedal stride 



Pong Ids 

South Asia, fruits, fnur-handfiri arm-hanging 



-^ Gori'.ta 



Homo 




middle 



Miocene 



Plio-Pleistocene 



■ Mya 



TRFWAaS in f<:.;hi:; V £ ™*v. 



Table 1. Examples of possible arboreal-to-aqu arboreal transitions in mammals 



Species 


Diet and habitat 


Locomotion and body build 


Aqua tfc foods 


Aquatic locomotion 


Rets 


Two- and three-toed 


Folivores in tropical 


Slow arm-hanging arboreals 


rJo aquatictood 


Swimming [kind of breast- 


41 


sloths Choc lop us and 
Bradyp us spp, 
(edentates! 


forest in the Amazon 

basin 


(suspensory). Broad thorax, 
very short tail 




stroke) between trees 
(flooded season) 




Mangrove capuchin 


Frugi-omnivo re. Thick 


Generalized arboreal 


Mo aquatic food, except 


Occasional swimming (dog 


33 


Cebus s. sp<5/)a(New 
World monkey) 


enamel and tools used 
to open nuts, oyster 

shells, etc. 


quadruped, Typical monkeyr 
long tail, no broad thorax 


mangrove oysters 


paddle) or wading 




The "swamp ape' 


Thin enamel. Folivore7 


Arm-hanging. Aquarbo-resl? 


Aquatic plants, such as 


Frequent bipedal wading 


16 


Orenptthecun 

bamtoiiic,3-7 Mb 
(probably haminoid) 


Coal-swamp deposits 

on island of Tuscany- 

Sh id in >i 


Medium-sized,, broad huilri, 
no tail 


water lilies, reed, sedges. 

cattail, pondweed, 
horsetails and 
stone worts? 


presumed. Swimming 
unknown (fossil) 




Lowland gorilla Gorilla 


Herbi-fruglvore on forest 


Knuckle-walking and aim 


Aquatic herbaceous 


Knuckle-walking and bipedal 


15 


g. gorilla (horninid) 


floor end in lower 
canopy (secondary 
forest) 


hanging. Largest primate, vegetation (e.g. Cyperaeea wading in forest swamps. 
broad thorax and no tail [as all and Hydrocharitaceae, Occasional swimming 
hominoids) makes upc. 2% of diet) (breast-stroke) 




Proboscis monkey 
NftsaJifi torwtfus(Old 

World monkey) 


Folivore, mostly in 
mangrove tress 


Leaping a -boreal q uad ruped, 
some arm-hanging. Large 
monkey (short tail in Ai. 
ooncolor) 


Noaquaticfood 


Bipedal wading betwesn 
mangroves and occasionally 
on dry ground, occasional 
swimming [usually dog- 
paddle but breast-stroke 
and overarm also observed; 


5 



Table 2. Overview of hominid fossils in Africa 



Fossil species 




Age ! 


Tooth enamel" 


Body build* 


Example of site (description Y 


Refs 


Samburupithecus kiptalami 


c. 9.5 Mya 


Probably thick 


V&ry large 


Samburu Hills: lacustrine, open woodlands 


42 


Orroiin Tugenensis 




c. 6 Mya 


Thick 


Rather large 


Tug en Hills: shallow lake fringed by trees 


1S 


Ardipithecus ramidus 




5.6-4.4 Mya 


Ratherthin 


Rather large 


Middle Awash: wet and wooded 


u 


Austialopithecus anamensis 


c. 4 Mya 


Thick 


Rather large 


Kanapoi: wide gallery forest 


17 


A. afarensis 




c. 4-3 Mya 


Thick 


Gracile-large 


Hadar: swale-like, streams ide gallery woodland 


17 


Kenyanthropus platyops 




c. 3.5 Mya 


Thick 


Gracile 


Turkana: shallow lake and forest edge 


19 


A. africanus 




c. 3 Mya 


Thick 


Gracile 


Stcrkfontcin: sub tropical forest, thick bush 


3,17 


A. aethiopicus 




c. 2.5 Mya 


Very thick 


Very large and robust 


Turkana: overbank deposits, amid reedbucks 


17 


A. robust us 




c. 2 Mya 


Very thick 


Robust 


Kromdraai: streamside reedbeds, amid parrots 


17 


Homo rudoifensis 




2.4-1.8 Mya 


Thick 


Rather large 


Chemeron: lacustrine, shelly limestones 


17 


A. or H. habilis 




c. 2 1.6 Mya 


Thick 


Small, gracile 


Olduvai: swamp vegetation and papyrus roods 


17,35 


A. boisei 




2.1-1.2 Mya 


Very thick 


Very large and robust 


Chesowanja: warm, shallow lagoon, amid reeds 


17 


H. crgastcr 




c. 1.6 Mya 


Thick 


Large 


Turkana: amid molluscs, swamp snail and catfish 


17 


"Abbreviation: My a, rrllllon year 


ago. 










"Thick, as 'r humans and era 


igu 


ans. Thin, as in gorillas. ('Depends on 


body size. Chimpanzees hav 


3 intermediary ename thickness.) 




'Large, similar tn hu maris nr 


hin 


nparwans; small, r. 


31'Jkc; robust. wi:h 


nsavily and brnad v built hot 


ifis .and cheek tea: h; G rani la. with mora s enrier hnriv- (Exart hnriy 


sizes of fossi s are unknown and difficuh to estirna 


e,e.g. using huma 


nsasurementsasaguidefc 


r lower limbs -nigi: unde "estimate australoa'th weights, w 


nereaa 


using danlal rnrrruj as givGK r 


nor 


h Ygherlwivsi'P 


■:■) 








"Descriptions lo illustrate pos 


sib 


e aquarboreal lifes 


:yle. Note that 'drie 


r' interpretations, more sava 


noh-oriented, are often possiDe. 





